Two digestion trials were conducted with seven crossbred, abomasally cannulated yearling steers (400 kg) to study the effect of level of feed intake on the site and extent of feed and microbial protein digestion. Steers, in a crossover design experiment, were fed an 81.5% steam-processed flaked (SPF) sorghum grain diet at either 95% (four steers) or 75% (three steers) of their ad libitum intakes. At the end of the first trial, steers were switched to the opposite treatment. Dysprosium (31 to 32 #g/g) was used as an external marker. Feed, abomasal contents and fecal grab samples were taken at 12-h intervals advancing by 2 h each day over a 6-d total fecal collection period. Organic matter (OM) intakes were 6,102 and 4,570 g for the two treatments. Higher level of intake increased (P<.05) quantities of OM, crude protein and trichloroacetic acid precipitable protein entering the small intestine, digested post-ruminally and digested in the total tract. The higher level of intake decreased (P<.05) the percentage of bacterial protein (BP) present in the abomasum and percent post-ruminal BP digestion; however, the amounts of BP and non-BP entering the small intestine and digested post-ruminally were greater (P<.05) in steers fed 95% ad libitum. Most of the feed protein was degraded in the rumen with both treatments. Predicted true feed protein digestibilities were 91.1 and 91.7% for 95 and 75% of ad libitum intakes. These data are interpreted to indicate that increasing intake of a high SPF sorghum diet increases amount of OM and protein presented to and absorbed in the lower gastrointestinal tract.
Introduction
It is generally accepted that increasing level of feed intake results in reduced retention time and consequently reduced nutrient digestibility; however, the net utilization of nutrients may be increased (Castle, 1956; Blaxter et al., 1961) . Level of N intake can be altered by either varying level of dry matter intake or percentage of N in the diet. Most studies have used the latter approach, but the literature contains contradictory reports on the effect of level of N intake on its digestibility in various segments of the gastrointestinal tract (Hogan and Weston, 1967; Neudoerffer et al., 1971; l~rskov et al., 1971a,b;  Received May 8, 1986 . Accepted December 3, 1986 . Tamminga, 1979 Veira et al., 1980a,b) . There are few published reports on the effect of level of feed intake on protein digestibility within various parts of the gastrointestinal tract. This is particularly true for high grain diets (Nicholson and Sutton, 1969; Neudoerffer et al., 1971; Goshtasbpour-Parsi et al., 1977; Zinn and Owens, 1983) . This study was undertaken to determine the effect of two levels of feed intake (95 vs 75% of ad libitum intake) on the site and extent of feed protein digestion and extent of microbial protein synthesis and its degradation in abomasally cannulated steers fed an 81.5% steam-processed, flaked sorghum grain diet.
Experimental Procedure
Two digestion trials were conducted in a crossover design experiment with seven crossbred abomasally cannulated yearling steers (avg wt 400 kg). Steers were confined to individual 2.44-x 4.89-m concrete floor pens and were fed an 81.5% steam-processed, flaked (SPF) sorghum grain diet ( In trial 1, steers were randomly allotted to one of two treatments: 1) ad libitum (four steers) -95% of ad libitum intake as measured during the last week of the adaptation period and 2) restricted (three steers) -75% of ad libitum intake as measured during the same period. At the end of the first trial, steers were switched to the opposite treatments. Each trial consisted of at least 20 d of adjustment and 10 d of preliminary period followed by 6 d of total fecal collection. During the collection period, abomasal and fecal grab (FG) samples were collected at 12-h intervals starting at 1000 and advancing by 2 h each day; therefore, 12 samples representing 2-h intervals of a 24-h day were collected. Abomasal samples were collected in plastic bags and immediately placed on dry ice and kept frozen at -20 C until they were lyophilized. Dried abomasal samples were ground in a laboratory Wiley mill through a 1-mm screen. Ground samples were then composited on an equal-dry-weight basis to form one 6-d composite sample for each steer.
Total feces for each steer were collected once daily according to the procedure outlined by Mehen (1966) . Feed samples were collected at each feeding time. Total feces, FG, feed and feed refusals were dried in a forced-air oven at 45 C for 36 to 48 h. Samples of feces, FG and feed were composited on equal-dry-weight basis, then were ground in a Wiley mill through a 1-mm mesh screen.
Dry matter (DM), OM, ash, and total Kjeldam protein (N (%) x 6.25) were determined according to AOAC (1970) . Dysprosium was determined by the neutron activation procedure outlined by Young et al. (1975) . Total protein was separated into nonprotein N (NPN) and trichloroacetic acid (TCA) precipitable protein according to the procedure of Potter (1967) as outlined by Goshtasbpour-Parsi et al. (1977) . Bacterial protein (bacterial N (%) • 6.25) in abomasal digesta was determined by the diaminopimelic acid (DAP) ratio technique outlined by Rahnema and Theurer (1986) . Total fecal protein was separated into two fractions according to the acid detergent fiber technique of Mason (1969) . The residue fraction contained the nondigested feed protein (NFP), while the liquid portion was made up of bacterial, protozoal, soluble and endogenous protein. Bacterial protein (BP) was assumed to comprise the majority of the non-NFP in feces (Mason, 1969) . Thus, BP digestion was based on the DAP estimate of bacterial content in the abomasum, and 100 minus NFP in the feces.
Ruminal digestibilities based on indicatornutrient ratios were corrected to represent 100% recovery of the indicator in feces. Values for percentage post-ruminal digestion of nutrients were based on the quantities entering the small intestine and on total fecal collections. Data were analyzed statistically by analysis of variance (crossover design), adjusted for unequal number of steers per treatment, with steer, level of intake and period as main effects (Steele and Torrie, 1960) .
Results and Discussion
All results are reported on an OM basis because the mean ash content of abomasal and fecal samples were much greater than that of feed (table 2) . Protein contents of feed, abomasal digesta and feces were partitioned into crude protein (CP), NPN and TCA precipitable protein and are reported in table 2. The level of CP in the diet was 14%, of which 66% was provided by sorghum grain. Percentage of CP, NPN and TCA protein in feed, abomasal, total fecal and FG samples were not affected by level of intake. Dysprosium concentration in feed and abomasal and total fecal samples also (table 3) . Higher level of intake had no effect (P>.05) on ruminal, post-ruminal or total digestion coefficients (indicator or total collection method) of OM.
Thus, quantity of OM entering the small intestine and digested in the small intestine and in the total tract was greater (P<.05) with the high level of intake. With both levels of intake, larger quantities of ingested OM were digested in the rumen than post-ruminally. This reflects the nearly complete ruminal digestion of starch present in the feed consumed by these steers (Garcia, 1977) . Ruminal digestibility of OM in these trials (48%) was somewhat lower than those reported by Nicholson and Sutton (1969) Galyean et al. (1979) and Tamminga (1979) . In contrast, our values were much higher than those reported by Drennan et al. (1970) for sheep (2.7 to 22.2%) and cattle (24.3 to 42.0%) fed an 80% milo diet using the Cr203 ratio eDifferent from comparable value of other treatment (P<.01).
technique, but similar to values reported by Veira et al. (1980a,b) and the higher level of intake in studies by Zinn and Owen (1983) . Steers fed 95% of ad libitum consumed 32% more (P<.01) CP (881 vs 699 g/d) and excreted 36% more (P<.01) CP (269 vs 197 g/d) than steers that were fed 75% of ad libitum (table 4). The data of Nicholson and Sutton (1969) and Zinn and Owens (1983) also showed an increase in quantity of fecal N as level of intake increased for sheep and steers, respectively. In contrast, J~rskov et al. (1971b) reported no change in quantity of fecal protein for sheep that received four different levels of either urea or fish meal. This may have been due to complete degradation of urea and fish meal in the rumen.
Apparent total protein digestibilities were not affected by level of intake as determined by total collections (69.6 and 70.5%) or Dy ratio technique (65.8 and 65.4%) for 95 vs 75% of ad libitum intakes, respectively; thus, grams of total CP digested were greater (P<.01) for steers fed 95 vs 75% of ad libitum intakes (612 vs 473 g/d). Brown et al. (1968) , Buchanan-Smith et al. (1968) and Galyean et al. (1979) also reported no change in digestibility coefficient of CP in steers and wethers fed sorghum or corn grains at different levels of intake.
Predicted total true protein digestibility (based on NFP in feces) was not affected by level of feed intake (91.1 vs 91.7%). This is somewhat lower than values (98 to 99%) reported by Mason (1969) for sheep fed a 72% barley diet. Since barley protein is known to have a greater digestibility than sorghum grain protein (Hale et al., 1966) , then the values noted here may represent true protein digestion coefficients for cattle fed sorghum grain diets.
Ruminal digestibility of CP was not affected by level of intake. Quantities of CP recovered from the abomasum exceeded that ingested by 127 and 234 g/d for 75 and 95% of ad libitum intakes, respectively. This increase in the quantity of CP between ingested feed and abomasum has been noted by other researchers using abomasaI or duodenaI sampling (Nicholson and Sutton, 1969; Drennan et al., 1970; Zinn and Owens, 1983 ). Similar observations have been made with total collection of digesta passing through the abomasum (Harris and Phillipson, 1962; Nicholson and Sutton, 1969; Wanderly et al., 1985) . The reason for this increase is not known, but may reflect the influx of endogenous N into the rumen and abomasum. The indicator ratio technique may also be underestimating protein digestibility in the rumen due to differential rates of passage.
Greater level of intake increased (P<.01) the quantity of CP that entered the small intestine (1,115 vs 796 g/d) and was digested (846 and Item (1983) reported a linear increase in the total N entering and leaving the small intestines of steers with increasing the level of DM intake. Similarly, Tamminga (1979) noted an increase in the flow through the duodenum of dairy cows when DM intake was increased from 8.2 to 12.9 kg/d. In contrast to our study, Neudoerffer et al. (1971) reported that the percentage of protein disappearing in the small intestine was reduced (69.2 vs 75.4%) with increasing intake of maize. When wether lambs were fed at two levels of DM intake (500 or 1,000 g/d) but equal dietary N (11.2 g/d), Goshtasbpour-Parsi et al. (1977) noted a significant increase in the amount of total N reaching the omasum; however, the amount of total N reaching the abomasum Of these wethers was not altered by DM intake (probably due to abomasal secretions).
The effect of level of intake on TCA precipitated protein followed a pattern similar to that of CP (table 5) . Greater level of intake increased (P<.01) the amount of TCA protein digested per day (386 vs 302 g) and the amount of TCA protein entering and digested in the small intestine. Apparent total digestion coefficients for TCA protein (63.1 vs 65.1%) were not affected by level of feed intake. Values were 5 to 7% lower than those for CP. Percent ruminal and postruminal digestion also were not affected by level of intake. The close association of treatment effects on CP and TCA protein is understandable because TCA protein constitutes the greater portion of CP present in feed, abomasum and feces (table 2) .
Bacterial protein in abomasal contents as a percent of total CP was greater (P<.01) for steers fed 75 vs 95% of ad libitum intake (74.5 vs 67.1%; table 6). Neudoerffer et al. (1971) also noted that with a low maize diet the major part of the duodenal protein was microbial, whereas the opposite was true for a high maize diet. Zinn and Owens (1983) also noted that, as level of intake was increased, the contribution of microbial N to the total N present in the abomasum of steers d~reased; This may be an indication thati With ~d llbitUm feeding, ruminal capacity for b~terial synthesis was exceeded and that energy and other nutrients were not limiting factors for this synthesis. The quantity of BP in the abomasum (750 vs 586 g/d) and the quantity of BP digested (559 and 455 g/d) post-ruminally were greater (P<.01) for steers fed 95 vs 75% of ad libitum. Bacterial protein accounted for 71 to 76% of the CP digested post-ruminally in these studies. CStandard deviation of observations. dBased on amount entering the small intestine. eDifferent from comparable value of other treatment (P<.01).
The rates of BP synthesis in the rumen for 75 and 95% of ad libitum intakes were 26.2 and 26.7 g/100 g OM digested in the rumen, respectively. This exceeds the values of 9 to 25 g BP/100 g OM reported in the literature (Hume et al., 1970; Walker and Nader, 1970; Zinn and Owens, 1983) . Because microbial cells also contribute to the OM content of abomasal digesta and presumably arise from digested feed OM, greater quantities of OM than those reported in table 3 are digested in the rumen. Based on 43% protein and 25% ash content of bacteria (Rahnema and Theurer, 1986) , the calculated bacterial OM in the abomasum would be 1,308 and 1,041 g for 95 and 75% of ad libitum intakes, respectively. On this basis, feed OM digested in the rumen of 95 and 75% of ad libitum intakes, respectively, would be 4,175 and 3,279 g. Thus, 18 and 18.2 g BP/100 g OM digested would be synthesized in the rumen of steers fed 95 and 75% of ad libitum intakes, respectively.
The amount of non-BP present in the abomasum was greater (P<.05) with 95 vs 75% of ad libitum intake (365 vs 199 g/d). Percentage ruminal digestion of non-BP (58.4 vs 69.4%) and quantities of non-BP digested in the rumen (516 and 470 g/d) were not significantly affected by level of feed intake. Percentage post-ruminal digestion (75.3 and 70.8%) of non-BP also was not affected (P>.05) by treatments; however, the quantity of this protein digested was greater (P<.05) with the 95 vs 75% of ad libitum feeding regimen (287 and 144 g/d).
Because non-BP includes feed, protozoa and endogenous protein, the percentage of feed protein digested in the rumen should be greater than the values of 58.4 and 69.4% noted here. The amount of endogenous protein secreted in the abomasum of cattle is not known. Hogan (1957) reported that 15 to 33 mg N/100 ml of gastric juice are secreted in the abomasum of sheep. If gastric juices of cattle had N composition similar to that of sheep, and cattle secreted 30 to 35 liters of gastric juice per day (Hill, 1961) , then an average 50 g of endogenous protein would be secreted per day in the abomasum of cattle. Further, it is reported that protozoal protein contribution is negligible with high grain diets (Potter et al., 1971) , therefore the percentage of feed protein digested in the rumen would be 64 and 78% for 95 and 75% of ad libitum intakes, respectively. Consequently, most of feed protein would be digested in the rumen. Mason (1969) suggested that very little endogenous protein is present in feces in sheep. Assuming that this is true for cattle, and since the predicted total true feed protein digestion coefficient was about 91% (table 4), it is possible that sorghum protein is highly digestible (par- beach value is the mean of seven animal observarions/treatment.
CStandard deviation of observations. dBased on amount of feed protein ingested and amount of non-bacterial protein in the abomasum.
eBased on amount entering the small intestine.
fDifferent from comparable value of other treatment (P<.O1).
gDifferent from comparable value of other treatment (P<.05).
ticularly in the rumen) and the apparent low digestibility is caused by a high level of BP in the feces. In this study, level of intake of a SPF sorghum diet had no effect on total, ruminal and post-ruminal digestion coefficients for OM and nitrogenous fractions; thus, the amount of nutrients digested ruminally, post-ruminally and in the total tract were significantly increased with increasing intake. This increase in level of intake resulted in a reduction in the bacterial contribution to the abomasal protein pool.
